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Description
CLAIM OF PRIORITY

[0001] This application claims the benefit of priority un-
der 35 USC 119(e) to U.S. Provisional Application No.
61/598,961, filed on February 15, 2012, entitled, "CA-
PACITIVE FILTER FERRULE FOR IMPLANTABLE
MEDICAL DEVICE," and U.S. Provisional Application
No. 61/682,466, filed on August 13, 2012, entitled "FER-
RULE FOR IMPLANTABLE MEDICAL DEVICE," each
ofwhichisincorporated herein by referenceinits entirety.

BACKGROUND

[0002] An electrical feedthrough can be used in anim-
plantable medical device (IMD) to provide an isolated
electrical circuit path from the exterior of the IMD to an
interior of a housing. Feedthroughs can be used with
housings that are sealed, such as a biocompatible her-
metically sealed housing. The electrical path can provide
an electrical connection to components inside the hous-
ing from outside the housing. To preserve internal com-
ponents, the feedthrough can be leak-resistant. Some
feedthrough designs are biocompatible and hermetically
sealed. Some implantable medical devices using such a
hermetically sealed housing can protect implanted elec-
tronics from body fluids and can resist undesirable ex-
posure of the patient to materials from inside the housing.
[0003] To provide such afeedthrough, a ferrule, or me-
chanical element can be disposed through the housing
and coupled to the housing. An electrical conductor can
extend through the ferrule. A seal and/or electrical insu-
lator can be disposed between the ferrule and the con-
ductor. A hermetically sealed ferrule configured as such
can maintain hermeticity of the case while allowing an
electrical signal to enter the case.

[0004] A feedthrough connector for an implantable
medical device is discussed in U.S. Patent No. 4,934,366
entitled, "Feedthrough Connector for an Implantable
Medical Device." An implantable connector that electri-
cally connects multi-conductor leads to an implantable
medical device is discussed in U.S. PatentNo 7,736,191
entitled, "Implantable Connector with Protected Con-
tacts."

[0005] A hermetic implantable medical device is dis-
cussed in U.S. Patent No. US 2,006,247,714 entitled,
"Glass-to-metal Feedthrough Seals Having Improved
Durability Particularly Under AC or DC Bias."

[0006] An optical window assembly for use in implant-
able medical device is discussed in U.S. Patent No. US
5,902,326 entitled, "Optical Window for Implantable Med-
ical Devices."

[0007] These approaches have a number of shortcom-
ings, including, but not limited to, complexity, difficulty to
manufacture, and high cost.
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OVERVIEW

[0008] A ferrule can be machined from solid titanium,
which can be expensive to manufacture. There is a need
for improved techniques of ferrule components such as
to lower the cost or increase production throughput.
[0009] By way of example, this document describes
housing, such as a housing for an implantable medical
device, which caninclude aferrule that can be configured
at least partially within a first passage through the hous-
ing, which can provide for passage of an electrical con-
nection, such as a signal, through the ferrule. The signal
can be filtered by one or more components coupled to
the ferrule, such as capacitors. The housing can include
an interior portion, an exterior portion, and a first passage
between the interior and exterior portions. The ferrule
can include an outer ferrule portion oriented toward an
exterior portion of the housing. The outer ferrule portion
can optionally be electrically conductive. The ferrule can
include an inner ferrule portion oriented toward the inte-
rior portion of the housing. The inner ferrule portion can
optionally be electrically conductive. The inner ferrule
portion can be formed non-integrally, or discretely from,
the outer ferrule portion, and can be attached to the outer
ferrule portion. The housing can be configured to carry
and hermetically enclose an electronic circuit. A dielectric
insert that can isolate a ferrule from electrical communi-
cation with the housing.

[0010] A method can include forming an outer ferrule
portion sized or shaped or otherwise configured to fit into
a passage between the interior and exterior portions of
a housing of an implantable medical device. The outer
ferrule portion can be disposed proximal the exterior por-
tion of the housing. The method can include forming an
inner ferrule portion sized or shaped or otherwise con-
figured to fit into a passage between an interior and ex-
terior portion of the housing of the implantable medical
device. The inner ferrule portion can be disposed proxi-
mal the interior portion of the housing. The method can
include attaching the outer ferrule portion to the inner
ferrule portion. The method can include providing a die-
lectric insert disposed at least partially inside the pas-
sage. The method can include providing an electrical
conductor through the dielectric insert, such as through
the passage.

[0011] Forming the outer ferrule portion can include
stamping a sheet such as a web. In an example, a first
stamped web carries a plurality of the outer ferrule por-
tions. Forming an inner ferrule portion can also include
stamping a sheetsuch as aweb. In anexample, a second
stamped web carries a plurality of inner ferrule portions.
Forming the ferrule caninclude attaching the outer ferrule
portion to the inner ferrule portion, such as by joining the
first web with the second web during a roll-to-roll process.
In an example, a plurality of outer ferrule portions can be
attached to the first web and a plurality of inner ferrule
portions can still be attached to the second web. The two
webs can be attached in a roll-to-roll process resulting in
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a plurality of assembled ferrules, each including an inner
ferrule fixed to an outer ferrule.

[0012] In anexample, a dielectric insert can be provid-
ed for mating to one or both the inner and outer ferrule
such as to provide insulation between various portions
ofthe outer ferrule or the inner ferrule. In some examples,
the insert can be provided as part of a process such as
a reel-to-reel manufacturing process. Providing the die-
lectric insert can include providing a plurality of dielectric
inserts while the first web is positioned with respect to
the second web. For example, the plurality of outer ferrule
portions can be attached to the first web, and the plurality
of inner ferrule portions can be attached to the second
web, while a third web, with dielectric inserts, is posi-
tioned, such as between them, to dispose the dielectric
insert in the ferrule.

[0013] Some examples include providing an electrical
conductor through the dielectric insert to provide a con-
ductive path through the ferrule in electrical isolation from
one or both of the inner ferrule portion and the outer fer-
rule portion. In an example, providing the electrical con-
ductor through the dielectric insert can include providing
a plurality of electric conductors through respective die-
lectric inserts while the plurality of outer ferrule portions
are attached to the first web and the plurality of inner
ferrule portions are attached to the second web.

[0014] Inanexample, a method caninclude separating
individual attached outer and inner ferrule portions from
the first and second webs, respectively. A method can
include disposing an connected outer and inner ferrule
portion within a first passage of a housing of an implant-
able medical device.

[0015] A portion of a ferrule, such as the inner ferrule
portion, can include one or more biases, such as spring
biases or spring fingers, which can be interference fit
against an interior wall of the housing of the implantable
medical device. Such a spring bias can draw the outer
ferrule portion toward an exterior of the housing of the
implantable medical device. It can be useful to hold the
ferrule in place while the ferrule is being attached and/or
sealed to the housing.

[0016] Some examples include a one-piece ferrule.
The inner portion and outer portion of the above refer-
enced approach can be formed of the same continuous
or monolithic material. The one-piece ferrule can be lo-
cated at least partially within a passage such as a pas-
sage that extends from the interior and exterior of the
apparatus or the implantable medical device housing to
the exterior. The ferrule can include an exterior flange
leading into a tunnel that opens to an interior of the hous-
ing. The ferrule can include one or more interior tabs
extending away from an interior of the tunnel, an electri-
cally insulative insert disposed at least partially inside the
tunnel and a hermetic seal disposed between the elec-
trically insulative insertand the tunnel. The exteriorflange
can be configured to abut an exterior surface of the me-
tallic housing. The exterior flange can define an exitopen-
ing. The tunnel can define a tunnel interior extending
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away from the exit opening and terminating at the inlet
opening of the ferrule. The at least one interior tab can
be configured to exert a bias against the metallic housing
while the exterior flange abuts the metallic housing.
[0017] A method can include stamping a sheet to de-
fine aflange and a tunnel extending away from the flange.
The method can include cutting the tunnel to define at
least one tab. The method can include bending the tab
away from the tunnel toward a perimeter of the flange.
The method can include excising an inner opening from
the tunnel. The inner opening can be in communication
with an opening around which the flange extends. The
method can include inserting an electrically insulative in-
sert in the tunnel. The method can include disposing a
conductor through the electrically insulative insert. The
method can include sealing the electrically insulative in-
sert to the conductor. The method can include sealing
the electrically insulative insert to the ferrule.

[0018] An advantage of ferrules described herein is
that they can be provided into two separate portions (i.e.,
the outer and inner ferrule portions), each of which can
be manufactured by stamping. The stamped outer and
inner ferrule portions can remain on webs to aid in the
manufacturing process. Such a process can provide in-
creased production throughput by using webs, and po-
tentially, a reel-to-reel process can be used to input one
or more webs and output finished ferrules.

[0019] Another advantage of the ferrules described
herein is that they can provide for lower component cost
versus machining approaches, which can significantly
lower expenses for manufacturers.

[0020] Another advantage of ferrules described herein
is that they can assist in welding a ferrule to the implant-
able medical device housing.

[0021] Some ferrules described herein can be formed
as one-piece ferrules, such as by stamping. Such a one-
piece ferrule can be made using a progressive stamping
process, which can yield high throughput with lower cost.
[0022] Another advantage of the ferrules disclosed
herein is that they can provide a hermetic seal for the
device with an electrical conductor passing therethrough.
[0023] Another advantage of ferrules described herein
is that they can hold case halves together. Further, ex-
amples having a flange can material weldable to case
halves. Some designs, when joined with a housing, pro-
vide a cavity for ceramic to be disposed in and gold braze
to flow into.

BRIEF DESCRIPTION OF THE FIGURES

[0024] The drawings illustrate generally, by way of an
example, but not by a way of limitation, various embod-
iments discussed in the present document.

FIG. 1 is a schematic cutaway view diagram of an
IMD incorporating a ferrule, according to an exam-
ple.

FIG. 2 is a perspective view diagram of an outer fer-
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rule portion, according to an example.

FIG. 3 is a perspective view diagram of an inner fer-
rule portion, according to an example.

FIG. 4 is a perspective view diagram of a dielectric
insert, according to an example.

FIG. 5 is a perspective view diagram of a ferrule,
according to an example.

FIG. 6 is a cross-sectional view diagram of FIG. 5
taken along an axis 6--6, according to an example.
FIG. 7 is a diagram of a method of manufacturing a
ferrule, according to an example.

FIG. 8is a perspective view diagram of multiple outer
ferrule portions adhered to a first web, according to
an example.

FIG. 9is a perspective view diagram of multiple inner
ferrule portions adhered to a second web, according
to an example.

FIG. 10 is a perspective view diagram of multiple
ferrules and a first and a second web, according to
an example.

FIG. 11 is a perspective view diagram of a first and
a second web with ferrules stamped out, according
to an example.

FIG. 12 is a perspective view diagram of multiple
ferrules separated from the first and the second web
of FIG. 11.

FIG. 13Ais a perspective view of a one-piece ferrule,
according to an example.

FIG. 13B is a top view diagram of the one-piece fer-
rule of FIG. 13A.

FIG. 13C is a front view diagram of the one-piece
ferrule of FIG. 13A.

FIG. 13D is a perspective view diagram of a part of
the one-piece ferrule of FIG. 13A.

FIG. 13E is a side view diagram of the one-piece
ferrule of FIG. 13A.

FIG. 13F is an enlarged view of the portion marked
13F in FIG. 13E, according to an example.

FIG. 14A is a perspective view diagram of an elec-
trical insulative insert placed in a one-piece ferrule,
according to an example.

FIG. 14B is a cross sectional side view taken along
an axis 14B-14B in FIG. 14A, according to an exam-
ple.

FIG. 15A is a perspective view diagram of a ferrule
coupled to a circuit, according to an example.

FIG. 15B is a schematic diagram of a ferrule coupled
to a circuit, according to an example.

FIG. 16 is a diagram of a method of manufacturing
a one piece ferrule assembly including a one piece
ferrule, according to an example.

DETAILED DESCRIPTION

[0025] FIG. 1 is a schematic cutaway view diagram
illustrating generally, by way of an example, but not by
way of limitation, an implantable medical device ("IMD")
100 incorporating a ferrule 108 such as a capacitive filter
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ferrule. The IMD 100 caninclude a header 102, a housing
104, and one or more electronic circuits such as a printed
circuit board (PCB) or a hybrid circuit (e.g., one formed
at least in part of flex-circuit) or other circuit 106. The
hybrid circuit 106 can be a miniaturized electronic circuit
manufactured of individual devices, such as semicon-
ductor devices (e.g. transistors and diodes) and passive
components (e.g. resistors, inductors, transformers, and
capacitors), attached to a substrate or printed circuit
board (PCB).

[0026] The header 102 can be coupled to one or more
other implantable components, such as a lead 110. The
IMD 100 can be operated with one or more leads such
as the lead 110 such as, for example, for conveying car-
diac electrostimulation or neurostimulation, or imped-
ance or other conductivity characteristic measurement
test energy from the IMD 100, or for conveying one or
more electric cardiac or other signals from the heart to a
sensing circuitry of the IMD 100. The housing 104 can
include an interior portion 112, an exterior portion 114,
and a first passage 116 between the interior 112 and
exterior 114 portions, respectively, of the housing 104.
The circuit 106 can be disposed within a hermetically-
sealed interior portion 112 of the housing 104. The ferrule
108 can be affixed or otherwise coupled to the housing
104, and can extend partially within the first passage 116
(between the interior and exterior portions 112 and 114,
respectively, of the housing 104) such as to allow capac-
itively-filtered or other passage of an electrical current
via an electrical conductor.

[0027] In an example, the ferrule 108 can be a one-
piece ferrule as illustrated in FIG. 13. In an example, the
ferrule 108 can be a two piece ferrule 108’ as illustrated
in FIGS. 2- 3. An IMD 100 can include a header 102 that
can enclose a portion of the ferrule 108’ extending out of
the housing 104. The header 102 can couple a terminal
block on a proximal end of the lead 110 to a circuit 106
via the ferrule 108’.

[0028] A circuit 106 can electrically couple to the por-
tion of the ferrule 108’ that extends within the interior
portion 112 of the housing 104. During operation of the
IMD 100, the circuit 106 can communicate with an elec-
trode at the distal end of the lead 110 by way of the ferrule
108’. The housing 104 of the IMD 100 can include or can
be formed of a biocompatible material, such as titanium.
In an example, one or more biocompatible materials,
such as niobium, platinum, or one or more other biocom-
patible materials can be used.

[0029] Referringnowto FIGS. 2 and 3, the two portions
of the two piece ferrule are described. FIG. 2 is a per-
spective view diagram illustrating generally, by way of an
example, but not by way of limitation, an outer ferrule
portion 200. In an example, the outer ferrule portion 200
can be electrically-conductive. The outer ferrule portion
200 can be stamped from a suitable material, such as
sheet metal, or can be formed in another way. The outer
ferrule portion 200 can include or can be composed of
an electrically-conductive biocompatible material, such
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as titanium. One or more other materials such as one or
more of niobium, niobium-titanium alloy, titanium-6AI-4V
alloy, platinum, iridium, molybdenum, zirconium, tanta-
lum, vanadium, tungsten, palladium, nickel super alloy,
alloys, mixtures, and/or one or more combinations there-
of can be used for manufacturing the outer ferrule portion
200. The outer ferrule portion 200 can be shaped like a
rectangular frame defining a rectangular opening 204, or
can have another shape. Although not a requirement,
the outer ferrule portion 200 can be made of a biocom-
patible material, such as the same material as the hous-
ing 104 of the IMD 100, such as for facilitating attachment
to the exterior portion 114 of the housing 104. The outer
ferrule portion 200 can include a drawn or extruded or
otherwise formed seat portion 202 sized or shaped or
otherwise configured to fit within a passage such as first
passage 116. A snug fit can be provided, which can help
form a hermetic seal between the seat portion 202 and
the first passage 116 of the housing 104. The snug fit
can permit welding or brazing the electrically-conductive
outer ferrule portion 200 to the exterior portion 114 of the
housing 104.

[0030] FIG. 3is a perspective view diagram illustrating
generally, by way of an example, but not by way of limi-
tation, an inner ferrule portion 300. The inner ferrule por-
tion 300 can be stamped from a suitable material, such
as sheet metal, or can be formed in another way. The
inner ferrule portion 300 can include or can be composed
of an electrically-conductive material, such as titanium.
One or more other materials such as one or more of nio-
bium, niobium-titanium alloy, titanium-6AI-4V alloy, plat-
inum, iridium, molybdenum, zirconium, tantalum, vana-
dium, tungsten, palladium, nickel super alloy, or one or
more alloys, mixtures, or combinations thereof can be
used for manufacturing the inner ferrule portion 300. The
inner ferrule portion 300 can be shaped like a rectangular
frame. The inner ferrule portion 300 can be similar to the
shape of the outer ferrule portion 200. The length of the
inner ferrule portion 300 and the length of the outer ferrule
portion 200 can be the same or different. The width of
the outer ferrule portion 200 can exceed the width of the
inner ferrule portion 300. The width of the outer ferrule
portion 200 can be less than the width of the inner ferrule
portion 300. The inner ferrule portion 300 can be made
of a biocompatible material or of one or more non-bio-
compatible materials, such as to reduce the manufactur-
ing cost.

[0031] Theinnerferrule portion 300 caninclude atleast
one member or tab such as an elastically flex tab 302
that can extend outward, away from an inner ferrule por-
tion opening 308. The flex tab 302 can be made of a
flexible or resilient material that can be flexed (e.g., ine-
lastically deformed to assume and retain a new shape)
upward or away from a frame of the inner ferrule portion
300 during the stamping process. FIG. 3 depicts an ex-
ample in which the inner ferrule portion 300 can include
four flex tabs similar to the flex tab 302, but more or a
fewer flex tabs 302 can be used. The inner ferrule portion
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300 and the outerferrule portion 200 can be two separate
portions that can be attached to each other, or each can
be attached to the housing 104. The outer ferrule portion
200 can be attached to the inner ferrule portion 300. The
inner ferrule portion 300 can be formed non-integrally
with the outer ferrule portion 200, but can be attached to
the outer ferrule portion 200. The inner ferrule portion
300 can be electrically-conductive and can include an
electrically-conductive tab 304. The electrically-conduc-
tive tab 304 can include a second passage 306. The sec-
ond passage 306 can be sized or shaped for passing an
electrical conductor (e.g., as described below in conjunc-
tion with FIG. 5). The second passage 306 can permit
an electrical connection between the electrical conductor
and the electrically-conductive tab 304. The electrical
conductor can be made of a material that can include,
but is not limited to, one or more of tantalum, niobium,
titanium, molybdenum, copper, or one or more alloys of
any of these.

[0032] FIG. 4 is a perspective view diagram illustrating
generally, by way of an example, but not by way of limi-
tation, an insert such as a dielectric insert 400. FIG. 4
depicts an example that can include one or a plurality of
lumens such as through lumens 402. The lumens 402
can pass the respective electrical conductors. More or a
few through lumens 402 or conductors (than that shown
in FIG.4) can be employed. The dielectric insert 400 can
be at least partially disposed between and carried within
the outer ferrule portion 200 and the inner ferrule portion
300. The dielectric insert 400 can operate to electrically
isolate the electrical connection of a conductor passing
through the lumens 402 from the electrically-conductive
outer ferrule portion 200. The dielectric insert 400 can
include a recess 404. The recess 404 can be sized or
shaped or otherwise configured to receive a tab such as
the electrically-conductive tab 304 of the inner ferrule por-
tion 300. This can permit an electrically-conductive ele-
ment to pass through the lumens 402 in the electrically-
conductive tab 304 and the recess 404. In an example,
the dielectric insert 400 can be metalized. Metalizing can
be accomplished by sputtering a thin layer of metal such
as titanium onto the dielectric insert 400. Other metals
can also be used in metalizing. Metalizing the dielectric
insert 400 can improve a brazing operation to join the
dielectric insert 400 to another component, such as the
ferrule 108'.

[0033] Conductive portions isolated by the non-con-
ducting dielectricinsert 400 can provide a capacitor struc-
ture. The capacitive structure can be disposed within the
housing 104 and partially disposed within the ferrule 108’.
The capacitive structure can be operatively coupled to a
distal portion of the conductor. This capacitor can help
filter unwanted electromagnetic interference (e.g., EMI)
from passing through a feedthrough to which the outer
ferrule portion 200 and inner ferrule portion 300 can be
coupled. The dielectric insert 400 can include or can be
composed of a ceramic material such as the one or more
of alumina, co-fired alumina, boron nitride, or another
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ceramic material.

[0034] FIG. 5 is a perspective view diagram illustrating
generally, by way of an example, but not by way of limi-
tation, the ferrule 108’. The ferrule 108’ can include an
electrically-conductive outer ferrule portion 200, an elec-
trically-conductive inner ferrule portion 300, one or more
conductors 502, and a dielectric insert 400, as described
herein. The electrically-conductive outer ferrule portion
200 can be configured to be located on the exterior por-
tion 114 of the housing 104. The inner ferrule portion 300
can be configured to be located within the interior portion
112 of the housing 104. The outer ferrule portion 200 can
be attached to the inner ferrule portion 300. The outer
ferrule portion 200 can be welded or affixed to the inner
ferrule portion 300, such as through joining, such as by
alaserweld or another coupling. The outer ferrule portion
200 can be vacuum-fused or otherwise affixed to the in-
ner ferrule portion 300. One or more other joining tech-
niques can be employed, such as brazing or another join-
ing technique.

[0035] The dielectricinsert400 can be at least partially
disposed within a frame provided by the outer ferrule por-
tion 200 and the frame provided by the inner ferrule por-
tion 300. The dielectric insert 400 can be hermetically
attached to the one or both of the outer ferrule portion
200 and the inner ferrule portion 300, such as by brazing
or welding. The dielectric insert 400 can extend into the
interior of the housing. The dielectric insert 400 can ex-
tend out of the housing to an exterior region.

[0036] The outer ferrule portion 200 can include a
stamped sheet metal portion that can be sized or shaped
to accept a portion of the dielectric insert 400 within the
frame provided by the outer ferrule portion 200. The inner
ferrule portion 300 can also include a stamped sheet met-
al portion that can be sized or shaped to accept a portion
of the dielectric insert 400 within the frame provided by
the inner ferrule portion 300. The dielectric insert 400 can
operate to electrically isolate one or more conductors 502
from the electrically-conductive outer ferrule portion 200.
[0037] Inthe example of FIG. 5, one or more conduc-
tors 502 can pass through respective apertures in the
dielectric insert 400. The one or more conductors 502
can extend through the dielectric insert 400, which can
be disposed within the frame provided by the outer ferrule
portion 200 and the inner ferrule portion 300. One or more
conductors 502 can be hermetically sealed within respec-
tive apertures in the dielectricinsert400, such as by braz-
ing or another technique suitable for providing such a
seal.

[0038] Theferrule 108 can be configured to be located
at least partially within the first passage 116 (between
the interior and exterior portions 112 and 114, respec-
tively, of the housing 104). The ferrule 108’ can allow for
capacitively-filtered or other passage of signals along the
one or more conductors 502 between electronics in the
housing 104 to electronics or other loads outside and the
housing 104.

[0039] FIG. 6 is a cross-sectional view diagram of FIG.
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5 taken along an axis 6--6, according to an example. The
ferrule 108’ can include or can be composed of an elec-
trically-conductive, biocompatible material such as tita-
nium, similar to the material used to construct the housing
104 of the IMD 100. The ferrule 108’ can be sized or
shaped or otherwise adapted to mate with the interior
and exterior portions 112 and 114, respectively, of the
housing 104 that can be adjacent to the first passage 116
such as for allowing the capacitively-filtered or other pas-
sage of the one or more conductors 502 within the first
passage 116. The ferrule 108’ can be hermetically at-
tached to the housing 104 such as by welding or brazing
or another attachment technique. The electrically-con-
ductive outer ferrule portion 200 can be configured to be
hermetically attached or otherwise attached to the exte-
rior portion 114 of the housing 104.

[0040] The inner ferrule portion 300 can be configured
to exert a bias against a portion of the interior portion 112
of the housing 104. The inner ferrule portion can be dis-
posed adjacent to the first passage 116. The inner ferrule
portion 300 can include the flex tab 302 (e.g., as dis-
cussed with respect to FIG. 2B) that can be configured
to be bent toward the outer ferrule portion 200 such as
shown in FIG. 6. The adjacent regions of the interior and
exterior portions 112 and 114, respectively, of the hous-
ing 104 can be configured to be inserted into a space or
slot 602 that can be provided laterally between the cou-
pled outer ferrule portion 200 and the inner ferrule portion
300. Two halves of a clamshell shaped housing can be
closed around the ferrule 108’, disposed in the slot 602.
[0041] Adjacent portions of the housing 104 can exert
aforce on the flex tab 302 of the inner ferrule portion 300.
This can enable the flex tab 302 of the inner ferrule portion
300 to flexto generate a biasing force against the portions
of the housing 104 of the IMD 100, such as to draw the
outer ferrule portion 200 toward or against the exterior
portion 114 of the housing 104. This can be helpful in
holding the ferrule in place. The biasing force can aid in
holding the outer ferrule portion 200 flush against the
exterior portion 114 of the housing 104 and can help se-
cure the ferrule 108’ such as during welding or otherwise
affixing of the outer ferrule portion 200 to the housing 104
of the IMD 100. After such welding or other hermetically-
sealing affixation of the outer ferrule portion 200 to the
housing 104, the flex tab 302 may straighten such as to
extend laterally outward due to the biasing force.
[0042] The dielectric insert 400 can be partially dis-
posed within a peripheral frame 604 provided by the outer
ferrule portion 200 and the inner ferrule portion 300, re-
spectively, and can be hermetically attached to the outer
ferrule portion 200 and the inner ferrule portion 300, re-
spectively. The dielectric insert 400 can be further con-
figured to fit within a lateral peripheral dimension of the
first passage 116 between the interior and exterior por-
tions 112 and 114, respectively, of the housing 104.
[0043] In this example, the circuit 106 can be adapted
to receive or otherwise be electrically connected to the
one or more conductors 502. In an example, the conduc-
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tors 502 can be soldered or welded or otherwise electri-
cally and mechanically connected to a conductive pad or
terminal on the circuit 106.

[0044] FIG.7isadiagramillustrating generally, by way
of an example, but not by way of limitation, a method of
manufacturing a ferrule such as the ferrule 108’. At 700,
an electrically-conductive outer ferrule portion 200 can
be formed to include one or more stamped sheet metal
portions (e.g., those discussed in conjunction with FIGS.
2,5, and6). This caninclude stamping a titanium or other
metal sheet, such as to form the one or more stamped
sheet metal portions of the outer ferrule portion 200 for
creating a passage through the sheet, which can be
stamped to be sized or shaped or otherwise configured
to be located toward and welded or brazed to the exterior
portion 114 of the housing 104.

[0045] At 702, an electrically-conductive inner ferrule
portion 300 can be formed, such as to include one or
more stamped sheet metal portions (such as discussed
in conjunction with FIGS. 3, 5, and 6). This can include
stamping a titanium or other metal sheet, such as to form
the one or more stamped sheet metal portions of the
inner ferrule portion 300 for creating a passage through
the sheet, which can be stamped to be sized or shaped
or otherwise configured to be attached and sealed at the
interior portion 112 of the housing 104, such as by weld-
ing or brazing. At 702, the stamping of the inner ferrule
portion 300 caninclude or can be accompanied by stamp-
ing the metal sheet to form a flex tab 302 (such as dis-
cussed above), such as for extending toward and biasing
against a portion of an interior portion 112 of the housing
104.

[0046] At 704, the outer ferrule portion 200 and the
inner ferrule portion 300 can be attached. In an example,
the outer ferrule portion 200 can be attached to the inner
ferrule portion 300 by a laser weld or other welding or
attachment technique. In an example, the outer ferrule
portion 200 can be vacuum-fused or otherwise attached
to the inner ferrule portion 300. In an example, one or
more other attachment techniques, such as brazing or
any other attachment technique can be used.

[0047] At 706, a dielectric insert 400 can be provided
such that the dielectric insert 400 is captured partially
within the lateral peripheral frame provided by the outer
200 and the inner ferrule portion 300 (such as discussed
above in FIGS. 4 and 5).

[0048] At708, one ormore conductors 502 can be pro-
vided through the dielectric insert 400. One or more con-
ductors 502 can pass through a respective aperture in
the dielectric insert 400. The conductors 502 that are
located within a respective aperture through the dielectric
insert 400 can be hermetically sealed within aperture in
the dielectric insert 400 such as by brazing or another
technique suitable for such sealing. The one or more con-
ductors 502 can extend through the dielectric insert 400,
which can be disposed within the frame provided by the
outer ferrule portion 200 and the inner ferrule portion 300
(suchasdiscussed abovein FIG. 4 and 5). An electrically-
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conductive outer ferrule portion 200 can be formed to
include one or more stamped sheet metal portions (such
as discussed in conjunction with FIGS. 2, 5, and 6).
[0049] The above described order of steps of the meth-
od is an example. The method can be performed in a
different sequence of steps other than that described
above. For example, the one or more conductors 502
can first be provided through the dielectric insert 400.
The method then can include providing the electrically-
conductive outer ferrule portion 200 and the electrically-
conductive inner ferrule portion 300. The method can fur-
ther include attaching the outer ferrule portion 200 and
the inner ferrule portion 300. Then, the dielectric insert
400 can be captured partially within the lateral peripheral
frame provided by the outer ferrule portion 200 and the
inner ferrule portion 300 (such as discussed above in
FIGS. 4 and 5).

[0050] The above description has emphasized an ex-
ample of a procedure with respect to making a single or
particular ferrule 108’. However, multiple outer ferrule
portions such as the outer ferrule portion 200 (such as
shown in FIG. 8) and multiple inner ferrule portions such
as the inner ferrule portion 300 (such as shown in FIG.
9) can be serially or concurrently fabricated. This can
result in multiple productions of multiple ferrules such as
the ferrule 108’ (such as shown in FIG. 10).

[0051] At700, stamping an electrically-conductive out-
er ferrule portion 200 can include stamping a metal sheet.
The stamping can be used for forming a plurality of the
outer ferrule portion 200, which can be joined by a first
web 802 after such stamping. Thus, the firstweb 802 can
carry a plurality of the outer ferrule portion 200.

[0052] At 702, stamping an electrically-conductive in-
ner ferrule portion 300 at 702 can include stamping a
metal sheet. The stamping can be used for forming a
plurality of the inner ferrule portions such as the inner
ferrule portion 300, which can be joined by a second web
902 after such stamping. Thus, the second web 902 can
carry a plurality of the inner ferrule portion 300.

[0053] At 704, the outer ferrule portion 200 can be at-
tached to the respective inner ferrule portion 300. Such
attaching can be carried out while the first web 802 is
positioned with respect to the second web 902, with the
plurality of outer ferrule portion 200 still attached to the
first web 802, and with the plurality of inner ferrule portion
300 still attached to the second web 902.

[0054] At 706, a plurality of dielectric inserts similar to
the dielectric insert 400 can be provided while the first
web 802 is positioned with respect to the second web
902. Also, the plurality of outer ferrule portion 200 can
still be attached to the first web 802. Further, the plurality
of inner ferrule portions such as the inner ferrule portion
300 can still be attached to the second web 902.

[0055] At 708, a plurality of one or more conductors
502 can be provided through respective dielectric insert
400 while the plurality of outer ferrule portion 200 can be
still attached to the first web 802 and the plurality of inner
ferrule portion 300 can be still attached to the second
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web 902. The respectively individually attached outer fer-
rule portion 200 and the inner ferrule portion 300 can be
separated from the first web 802 and second web 902,
respectively (such as shown in FIGS. 11 and 12). The
respectively attached outer ferrule portion 200 and the
inner ferrule portion 300 can be disposed within the first
passage 116 of a housing 104 of the IMD 100 (such as
discussed above). Thus, inner ferrule portion 300 can
bias against an interior portion 112 of the housing 104.
This can help to draw the outer ferrule portion 200 toward
an exterior portion 114 of the housing 104 of the IMD
100, which can help provide a tight seal therebetween.
The outer ferrule portion 200 can be further attached and
sealed to the exterior portion 114 of the housing 104 of
IMD 100.

[0056] FIG. 13Ais a perspective view illustrating gen-
erally, by way of an example, but not by way of limitation,
aferrule 108". The ferrule 108" can be a one-piece ferrule
referred to as ferrule 108". The ferrule 108" can be used
for providing electrical communication through a housing
104 of an IMD 100, which can be metallic and/or hermet-
ically sealed 1304 as discussed herein. The one-piece
ferrule 108" can be stamped from a suitable material,
such as sheet metal, or can be formed in another way.
The one-piece ferrule 108" can include or can be com-
posed of an electrically-conductive biocompatible mate-
rial such as titanium. One or more other materials such
as one or more of niobium, niobium-titanium alloy, tita-
nium-6AlI-4V alloy, platinum, iridium, molybdenum, zirco-
nium, tantalum, vanadium, tungsten, palladium, nickel
super alloy, and alloys, mixtures, and their alloys can be
used to form the one-piece ferrule 108". The one-piece
ferrule 108" can be shaped like a rectangular frame or
can have another shape. Although not a requirement,
the one-piece ferrule 108" can be made of a biocompat-
ible material, such as of the same material as the housing
104 of the IMD 100 such as for facilitating attachment to
the housing 104. The ferrule 108" can be affixed or oth-
erwise coupled to the housing 104 and can extend par-
tially within the first passage 116 (e.g., between the in-
terior and exterior portions 112 and 114, respectively, of
the housing 104).

[0057] The one-piece ferrule 108" caninclude adrawn
or extruded or otherwise formed seat portion 1322. The
seat portion 1322 can be sized or shaped or otherwise
configured to fit within the first passage 116. A snug fit
can be provided, which can help form the hermetic seal
1404 between the seat portion 202 and the first passage
116 of the housing 104. The snug fit can permit welding
or brazing the electrically-conductive one-piece ferrule
108" to the exterior portion 114 of the housing 104. The
ferrule 108" can include an exterior flange 1302 also re-
ferred to as the flange 1302 that can be configured to
abut an exterior portion 114 of the metallic housing 104
such thatthe exterior flange 1302 can define an exitopen-
ing 1316.

[0058] The flange 1302 can include atleast one carrier
flash 1320. The carrier flash 1320 can form an integral
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or monolithic portion of the one-piece ferrule 108". FIG.
13A depicts an example in which the carrier flash 1320
is provided at two distinct opposite locations. However,
the carrier flash 1320 can be provided at more than two
or less than two locations. The spacing between the car-
rier flash 1320 placed at distinct locations can vary as
desired . The carrier flash 1320 can be a remnant of a
progressive die stamping operation.

[0059] The one-piece ferrule 108" can further include
a tunnel 1304 that can extend from the exterior flange
1302. The tunnel 1304 can be shaped like an oval frame
or can have another shape. The tunnel 1304 can define
a tunnel interior 1306 that can extend away from the exit
opening 1316 and can terminate at an inlet opening 1318
of the one-piece ferrule 108". The tunnel 1304 can be
formed by a process comprising drawing a sheet away
from the flange 1302. The tunnel 1304 can be sized to
conform to the first passage 116 through the housing.
The tunnel 1304 can be notched along its length, away
from the exit opening 1316, such that at least one interior
tab 1308 can extend away from a notch 1310. The at
least one interior tab 1308 can extend away from the
tunnel interior 1306. The at least one interior tab 1308
can be one of a plurality of interior tabs disposed around
the tunnel 1304. The tabs can be formed before or after
the tunnel is bent or rolled proximal the inlet opening
1318.

[0060] FIG. 13A depicts an example in which the fer-
rule 108" can include one or more interior tabs 1308, and
corresponding notches 1310, 1308, and 1310. The at
least one interior tab 1308 can be configured to exert a
bias against the metallic housing 104 while the exterior
flange 1302 can abut the metallic housing 104. The at
leastone interior tab 1308 can be bent from material com-
prising the tunnel 1304. The at least one interior tab 1308
can be made of a flexible or resilient material that can be
flexed (e.g., inelastically deformed to assume and retain
a new shape) upward or away from the tunnel of the
ferrule 108" during the stamping process. The ferrule
108" can include an electrically insulative insert similar
to the dielectric insert 400 disposed at least partially in-
side the tunnel 1304. The hermetic seal 1404 caninclude
gold disposed between the electrically insulative insert
400 and the tunnel 1304.

[0061] A system forproviding electrical communication
caninclude the IMD 100. The IMD housing 104 can define
the interior 112 and the first passage 116 that can extend
from the exterior 114 ofthe IMD housing 104 to the interior
112. The IMD 100 can further include the one-piece fer-
rule 108" that can be made of a biocompatible material.
The ferrule 108" can be conformed to and joined to the
first passage 116 such that the ferrule 108" can extend
from the exterior 114 to the interior 112 of the IMD housing
104. The ferrule 108" can include the exterior flange 1302
that can be configured to abut the exterior portion 114 of
the housing 104 such that the exterior flange 1302 can
define the exitopening 1316. The ferrule 108" can further
include the tunnel 1304 extending from the exterior flange
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1302.The tunnel 1304 can define the tunnel interior 1306,
which can extend away from the exit opening 1316 and
can terminate atthe inletopening 1318 of the ferrule 108".
Theferrule 108" caninclude atleast one interior tab 1308
that can extend away from the tunnel interior 1306. The
at least one interior tab 1308 can be configured to exert
a bias against the housing 104 while the exterior flange
1302 can abut the housing 104. The ferrule 108" can
include the electrically insulative insert 400 disposed at
least partially inside the tunnel 1304 and the hermetic
seal 1404 disposed between the electrically insulative
insert 400 and the tunnel 1304.

[0062] FIG. 13B is a top view diagram of an example
of the one-piece ferrule 108". A top surface 1314 of the
exterior flange 1302 can define a recess 1312, such that
the recess 1312 encircles the exit opening 1316,. The
hermetic seal 1404 can further substantially fill the recess
1312 on the top surface 1314 of the exterior flange 1302
as illustrated in FIG 13B.

[0063] FIG. 13C is a front view of an example of the
one-piece ferrule 108". FIG. 13D is a cross sectional per-
spective view diagram of an example of a part of the one-
piece ferrule 108". The ferrule 108" can include or can
be composed of the electrically-conductive, biocompat-
ible material such as titanium, similar to the material used
to construct the housing 104 of the IMD 100. The ferrule
108" can include the exterior flange 1302 that can be
configured to abut the exterior portion 114 of the metallic
housing 104 such that the exterior flange 1302 can define
the exit opening 1316 (as illustrated in FIG 9D). The one-
piece ferrule 108" can further include the tunnel 1304
that can extend from the exterior flange 1302. The tunnel
1304 can define the tunnel interior 1306 that can extend
away from the exit opening 1316 and can terminate at
an inlet opening 1318 of the ferrule 108".

[0064] FIG. 13E is a side view diagram of an example
of the one-piece ferrule 108". FIG. 13F is an enlarged
view of an example of a marked portion 13F of the one-
piece ferrule 108" of FIG. 13E. The enlarged view of the
exterior flange 1302 and the at least one interior tab 1308
is illustrated in FIG 12F. The atleast one interior tab 1308
can include a flex tab that can extend laterally outward
from the tunnel 1304 (as shown in FIG. 13F) toward a
portion of the interior portion 112 of the housing 104 ad-
jacentthe first passage 116. A bias can urge the tab 1308
against the portions of the housing 104 of the IMD 100,
such as to draw the one-piece ferrule 108" toward or
against the exterior portion 114 of the housing 104. The
biasing force can aid in holding the one-piece ferrule 108"
flush against the exterior portion 114 of the housing 104
and can help secure the one-piece ferrule 108" such as
during welding or other hermetically-sealing or affixation
of the one-piece ferrule 108" to the housing 104 of the
IMD 100. The tunnel 1304 can be formed by a process
such as drawing a sheet away from the flange 1302. The
tunnel 1304 can be sized to conform to the first passage
116 through the housing 104.

[0065] FIG. 14A is a perspective view diagram of an
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example of the electrically insulative insert 400 placed in
the one-piece ferrule 108". An example of the one-piece
ferrule 108" has been described above in detail in con-
junction with FIG. 13A. FIG. 14A depicts an example that
can include one or a plurality of lumens such as through
lumens 402. The lumens 402 can pass the respective
electrical conductors. More or a fewer through lumens
402 or conductors, than that shown in FIG.14A, can be
used. The ferrule 108" can further include the electrically
insulative insert 400 disposed at least partially inside the
tunnel 1304 and the hermetic seal 1404 disposed be-
tween the electrically insulative insert 400 and the tunnel
1304, such as shown in FIG 14A.

[0066] The dielectric insert 400 can be metalized. Me-
talizing can be accomplished by sputtering a thin layer
of metal such as titanium onto the dielectric insert 400.
One or more other metals can also be used in metalizing.
The electrically insulative insert 400 can be brazed to the
ferrule 108". Metalizing the dielectric insert 400 can im-
prove a brazing operation to join the dielectric insert 400
to another component, such as the ferrule 108". The di-
electric insert 400 can operate to electrically isolate the
electrical connection of the atleast one of the conductors
502 passing through the lumens 402 from the electrically-
conductive ferrule 108".

[0067] The conductive portions isolated by the non-
conducting dielectric insert 400 can provide a capacitor
structure. The capacitive structure can be disposed with-
in the housing 104 and partially disposed within the fer-
rule 108". The capacitive structure can be operatively
coupledtoadistal portion of the conductor. This capacitor
can help filter unwanted electromagnetic interference
(e.g., EMI) from passing through the feedthrough to
which the ferrule 108" can be coupled. The dielectric in-
sert 400 can include or can be composed of a ceramic
material such as one or more of alumina, co-fired alumi-
na, boron nitride, or another ceramic material. The ce-
ramic material can fit inside the ferrule and can create a
hermetic seal 1404.

[0068] FIG. 14B is an example of a cross sectional side
view diagram taken along an axis 14-14. FIG. 14B shows
a part of the electrically insulative insert 400 placed in
the one-piece ferrule 108" with the hermetic seal 1404.
The hermetic seal 1404 can substantially fill the recess
1312. The electrically insulative insert 400 can be brazed
to the ferrule 108". A brazing material can form the her-
metic seal 1404 between the electrically insulative insert
400 and the ferrule 108". The brazing material that can
be used to maintain the electrically insulative insert 400
within the ferrule 108" can be composed of any suitable
braze material or materials. Examples of suitable braze
materials include, but are not limited to gold, a gold alloy,
or the like. The brazing material can fill in one or more
gaps between the above discussed ceramic material and
another component. The brazing material can fit inside
the ferrule and can create a hermetic seal 1404. The
ceramic material can be metalized with titanium. The ce-
ramic material can be metalized on its surface as well as



17 EP 3 639 890 A1 18

internally, such as through pores. The titanium can bind
to the outside layer of the ceramic material, such as alu-
mina, such that it can create a metalized layer that can
allow the gold to enter into that layer.

[0069] FIG. 15A is a perspective view diagram of an
example of the one-piece ferrule 108" coupled to the cir-
cuit 106. The ferrule can be situated on the surface of
the circuit 106. The ferrule 108" can be attached to the
circuit 106 using a surface mount circuitassembly or pop-
ulating technique. As illustrated in FIG. 15A, at least one
of the conductors 502 can extend through the electrically
insulative insert 400 to be coupled to a respective termi-
nal 1502 of a capacitor 1504 disposed on the circuit 106.
The capacitor 1504 can be mounted on a capacitor board
1508. The capacitor board 1508 can be mounted flush
with the circuit 106, such as to reduce or minimize height
is taken up by the capacitor board 1508. The ferrule
108" can include a ground 1506 on the circuit 106.
[0070] FIG. 15B is a schematic illustrating generally,
by way of an example, but not by way of limitation, the
one-piece ferrule 108" coupled to the circuit 106. The
one-piece ferrule 108" can include an electrically insula-
tive insert 400 that can be disposed at least partially in-
side the tunnel 1304. At least one of the conductors 502
can extend through the electrically insulative insert 400.
The circuit 106 can be coupled to the at least one of the
conductors 502. The at least one of the conductors 502
can be one of a plurality of conductors, such as conduc-
tors 502. Individual ones of the conductors 502 can be
coupled to a respective terminal 1502 of the capacitor
1504 disposed on the circuit 106, such as shown in FIG.
14B. Some of the conductors 502 can be electrically cou-
pled to a common polarity. The at least one of the plurality
of conductors 502 can be in electrical communication
with the metallic housing 104 and an opposite polarity
terminal of each of the respective capacitors 1504. The
atleast one of the conductors 502 can be one of a plurality
of conductors 502 such that the circuit 106 can include
a capacitive filter electrical signal carried on the plurality
of conductors 502. The at least one of the conductors
502 can be soldered or welded or otherwise electrically
and mechanically connected to a conductive pad or the
respective terminal 1502 on the circuit 106.

[0071] FIG. 15B shows an example of circuitry for pro-
viding the functionality of the IMD 100. The IMD 100 can
include a pacemaker, a ICD, a defibrillator, or another
medical device. FIG. 15B can include protection circuitry
for protecting the IMD 100 from external electrical inter-
ference such as voltage or current surges at inputs pro-
vided by the feedthrough into the interior portion 112 of
the housing 104. The protection circuitry can include a
capacitive filter. The capacitive filter can include a power
supply filter that can be used to filter signals from other
circuitry such as high voltage signals.

[0072] FIG. 16 is a diagram of an example of a method
of manufacturing the one-piece ferrule 108" assembly.
At 1600, the ferrule 108" can be formed by a stamping
process, such as progressive-die stamping. The one-
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piece ferrule 108" can be electrically conductive and can
be formed to include one or more stamped sheet metal
portions. This can include stamping the titanium or other
metal sheet, such as to form the one or more stamped
sheet metal portions of the ferrule 108" for creating the
first passage 116 through the sheet, which can be
stamped to be sized or shaped or otherwise configured
to be located toward and welded or brazed to the interior
112 and exterior 114 walls of the housing 104. At 1600,
the sheet can be stamped to define the flange 1302, such
as with the tunnel 1304 extending away from the flange
1302. The flange 1302 can be configured to abut the
exterior portion 114 of the housing 104 (such as dis-
cussed in conjunction with FIG 13).

[0073] At1602, the tunnel 1304 can be cut or extruded
that can define the at least one tab 1308, thereby creating
at least one tab 1308 on the sides. The tunnel 1304 can
be shaped like an oval frame, or can have another shape.
The tunnel 1304 can be notched along its length, away
from the opening such that at least one interior tab 1308
can extend away from a notch 1310. The ferrule 108" can
include four interior tabs 1308, e.g., similar to the at least
one interior tab 1308 and four notches, e.g., similar to
the notch 1310, but more or fewer tabs 1308 or notches
1310 can be employed.

[0074] At 1604, the interior tab 1308 can be bent away
from the tunnel 1304, such as toward a perimeter of the
flange 1302. The atleast one interior tab 1308 can extend
away from the tunnel interior 1306.

[0075] At 1606, the inlet opening 1318 from the tunnel
1304 can be excised. The inlet opening 1318 can be in
communication with an opening such as the exit opening
1316 around which the flange 1302 extends. The flange
1302 defines the exit opening 1316.

[0076] At1608,theelectrically insulative insert400 can
be inserted in the tunnel 1304. The dielectric insert 400
can be provided such that the dielectric insert 400 is cap-
tured partially within the frame provided by the ferrule
108" (such as discussed above in FIGS. 12).

[0077] At1610, at least one of the conductors 502 can
be disposed through the electrically insulative insert 400.
The at least one of the conductors 502 can pass through
arespective aperture orlumens 402 in the dielectricinsert
400.

[0078] At1612,theelectrically insulative insert400 can
be sealed to the at least one of the conductors 502. The
conductors 502 that are located within the respective ap-
erture or lumen 210 through the dielectric insert 400 can
be hermetically sealed within the aperture or lumen 210
in the dielectric insert 400, such as by brazing or another
technique suitable for such sealing. The braze material
used to maintain the electrically insulative insert 400 with-
in the ferrule 108" can be composed of any suitable ma-
terial or materials. Examples of suitable braze materials
include, butare notlimited to, gold, a gold alloy, or the like.
[0079] At1614,theelectrically insulative insert400 can
be sealed to the ferrule 108". The dielectric insert 400
can be metalized. Metalizing can be accomplished by
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sputtering the thin layer of metal such as titanium onto
the dielectric insert 400. One or other metals can be used
in metalizing. Metalizing the dielectric insert 400 can im-
prove a brazing operation to join the dielectric insert 400
to another component, such as the ferrule 108" (such as
discussed in conjunction with FIG. 14A).

[0080] The method can further include pinching the
wall of the housing 104 between the atleastone tab 1308
and the flange 1302, such as under a bias exerted by
elastic deformation of the tab 1308. The at least one in-
terior tab 1308 can be made of a flexible or resilient ma-
terial that can be flexed. The method can include forming
the housing 104 by joining two cup-shaped housing
shells 118A and 118B. The method can include joining
the two cup-shaped housing shells 118A and 118B such
that the two cup-shaped housing shells 118A and 118B
can define the first passage 116 that can extend from the
exterior 114 of the housing 104 to the interior 112 of the
housing 104. The method can include disposing two cup-
shaped housing shells 118A and 118B together to define
the passage. One of the shells can include a stepped
portion sized to fit in the other shell. At least one tab 1308
can bias the ferrule 108", such as to adjust the flange
1302 against the exterior 114 of the two cup-shaped
housing shells 118A and 118B. The method can include
joining the flange 1302 to the housing 104 by a welding
technique such as laser welding.

[0081] A potential advantage of the ferrule 108’ can be
that it can be provided in two separate portions, (e.g., the
outer portion 200 and inner ferrule portion 300), each of
which can be manufactured by stamping. The stamped
outer and inner ferrule portions 200 or 300 can remain
on a web, such as to help improve throughput or other-
wise aid in the later steps of the manufacturing process.
Such a process can provide increased production
throughput by using a web, and optionally, a reel-to-reel
process to input one or more webs and output finished
ferrules.

[0082] Another potential advantage of the stamped
outer and inner ferrule portions 200 or 300 can be that
the stamped outer or inner ferrule portions 200 or 300
can provide lower component cost than a more time-con-
suming precision machining process. This can lower the
expense to manufacture a device using the ferrule.
[0083] Another potential advantage of the stamped
outer and inner ferrule approach can be that the stamped
outer and inner ferrule portions can potentially assist in
a better welding of the stamped outer and inner ferrule
portions to the implantable medical device housing.
[0084] A potential advantage of the ferrule described
herein can be that it can be provided as one-piece, such
as can be manufactured by stamping. This one-piece
ferrule can be made in a progressive stamping process,
which can yield high throughput with low cost.

[0085] A potential advantage of the one-piece ferrule
can be that it can fulfill a basic function of some ferrule
designs, e.g., can provide a hermetic seal for the device
with an electrical conductor passing therethrough. The
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1"

one-piece ferrule can use one integral or monolithic
stamped piece.

[0086] A potential advantage of the one-piece ferrule
can be that it can hold case halves and ferrule flange
1302 together, such as to provide contact for welding or
to provide a cavity, such as for ceramic or gold braze.

Various Notes & Examples

[0087]

Example 1 can include or use an apparatus for pro-
viding electrical communication through housing that
is metallic and hermetically sealed. The subject mat-
ter can include a one-piece ferrule that is biocom-
patible. The ferrule can be configured to be located
at least partially within a passage extending from an
interior and exterior of animplantable medical device
housing to an exterior. The ferrule can include an
exterior flange configured to abut an exterior surface
of the metallic housing, the exterior flange defining
an exit opening. The ferrule can include a tunnel ex-
tending from the exterior flange, the tunnel defining
a tunnel interior extending away from the exit open-
ing and terminating at inlet opening of the ferrule.
The ferrule can include at least one interior tab ex-
tending away from an interior of the tunnel, the at
least one interior tab configured to exert a bias
against the metallic housing while the exterior flange
abuts the metallic housing. The ferrule can include
an electrically insulative insert disposed at least par-
tially inside the tunnel. The ferrule can include a her-
metic seal disposed between the electrically insula-
tive insert and the tunnel.

Example 2 optionally includes the subject matter of
any of the preceding examples, wherein the flange
can include at least one carrier flash.

Example 3 optionally includes the subject matter of
any of the preceding examples, wherein the tunnel
can be notched alongits length, away from the open-
ing, with the at least one interior tab extending away
from the notch.

Example 4 optionally includes the subject matter of
any of the preceding examples, wherein the at least
one interior tab is bent from material comprising the
tunnel.

Example 5 optionally includes the subject matter of
any of the preceding examples, wherein the at least
one interior tab is one of a plurality of interior tabs
disposed around the tunnel.

Example 6 optionally includes the subject matter of
any of the preceding examples, wherein the hermetic
seal includes gold.

Example 7 optionally includes the subject matter of
any of the preceding examples, wherein a top sur-
face of the exterior flange defines a recess encircling
the exit opening.

Example 8 optionally includes the subject matter of
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any of the preceding examples, wherein the hermetic
seal substantially fills the recess.

Example 9 optionally includes the subject matter of
any of the preceding examples, wherein the at least
one conductor is one of a plurality of conductors, and
wherein each of the conductors is coupled to a re-
spective terminal of a capacitor disposed on the cir-
cuit.

Example 12 optionally includes the subject matter of
any of the preceding examples, wherein some of the
conductors are electrically coupled to a common po-
larity.

Example 13 optionally includes the subject matter of
any of the preceding examples, wherein at least one
of the plurality of conductors is in electrical commu-
nication with the metallic housing and an opposite
polarity terminal of each of the respective capacitors.
Example 14 optionally includes the subject matter of
any of the preceding examples, wherein the at least
one conductor is one of a plurality of conductors,
wherein the circuit comprises a capacitive filter elec-
trical signals carried on the plurality of conductors.
Example 15 optionally includes the subject matter of
any of the preceding examples, wherein the ferrule
is stamped.

Example 16 optionally includes the subject matter of
any of the preceding examples, wherein the at least
one interior tab is a flex tab extending laterally out-
ward from the tunnel and toward and against a por-
tion of an interior wall of the housing adjacent the
passage.

Example 17 optionally includes the subject matter of
any of the preceding examples, wherein the tunnel
is formed by a process comprising drawing a sheet
away from the flange.

Example 18 optionally includes the subject matter of
any of the preceding examples, wherein the tunnel
is sized to conform to the passage through the hous-
ing.

Example 19 optionally includes the subject matter of
any of the preceding examples, including forming a
ferrule, by stamping a sheet to define a flange, with
a tunnel extending away from the flange. The exam-
ple can include cutting the tunnel to define at least
one tab. The example can include bending the tab
away from the tunnel, toward a perimeter of the
flange. The example can include excising an inner
opening from the tunnel, the inner opening in com-
munication with an opening around which the flange
extends. The example can include inserting an elec-
trically insulative insert in the tunnel. The example
can include disposing a conductor through the elec-
trically insulative insert. The example can include
sealing the electrically insulative insert to the con-
ductor. The example can include sealing the electri-
cally insulative insert to the ferrule.

Example 20 optionally includes the subject matter of
any of the preceding examples, wherein stamping
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includes progressive-die stamping.

Example 21 optionally includes the subject matter of
any of the preceding examples, including pinching a
wall of a housing between the at least one tab and
the flange under a bias exerted by elastic deforma-
tion of the tab.

Example 22 optionally includes the subject matter of
any of the preceding examples, including forming
the housing by joining two cup-shaped housing
shells.

Example 23 optionally includes the subject matter of
any of the preceding examples, wherein pinching the
passage isirregular, with opposing steps defined be-
tween the two cup-shaped housing shells , wherein
the at least one tab biases the ferrule to adjust the
flange against the exterior of the two cup-shaped
housing shells.

Example 25 optionally includes the subject matter of
any of the preceding examples, wherein metalizing
includes sputtering metal onto the electrically insu-
lative insert.

Example 30 optionally includes the subject matter of
any of the preceding examples, wherein the metal
includes titanium.

Example 31 optionally includes the subject matter of
any of the preceding examples, wherein sealing in-
cludes brazing.

Example 32 optionally includes the subject matter of
any of the preceding examples, wherein brazing in-
cludes brazing with gold.

Example 33 optionally includes a system including
an implantable medical device housing defining an
interior and a passage extending from an exterior of
the implantable medical device housing to the inte-
rior. The example can include a one-piece ferrule
that is biocompatible, the ferrule conformed to and
joined to the passage, the ferrule extending from the
exterior to the interior of the implantable medical de-
vice housing. The ferrule can include an exterior
flange configured to abut an exterior surface of the
housing, the exterior flange defining an exit opening.
The example can include a tunnel extending from
the exterior flange, the tunnel defining a tunnel inte-
rior extending away from the exit opening and termi-
nating at inlet opening of the ferrule. The example
can include at least one interior tab extending away
from an interior of the tunnel, the at least one interior
tab configured to exert a bias against the housing
while the exterior flange abuts the housing. The ex-
ample caninclude an electrically insulative insert dis-
posed at least partially inside the tunnel. The exam-
ple can include a hermetic seal disposed between
the electrically insulative insert and the tunnel.
Example 34 optionally includes the subject matter of
any of the preceding examples, including a weld at-
taching the outer ferrule portion to the exterior portion
of the housing.

Example 35 can include a medical device including
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a housing, including an interior portion, an exterior
portion, and a first passage between the interior and
exterior portions of the housing, the housing config-
ured to carry and hermetically enclose an electronic
circuit. The example can include a capacitive filter
ferrule, configured to be located at least partially
within the first passage between the interior and ex-
terior portions of the housing to allow capacitively-
filtered passage of an electrical connection there be-
tween, the capacitive filter ferrule including. The ex-
ample can include an electrically-conductive outer
ferrule portion, configured to be located toward the
exterior portion of the housing. The example can in-
clude an inner ferrule portion, configured to be locat-
ed toward the interior portion of the housing, the inner
ferrule portion non-integrally formed with the outer
ferrule portion but attached to the outer ferrule por-
tion. The example can include the electrical connec-
tion. The example can include a dielectric plug, elec-
trically isolating the electrical connection from the
electrically-conductive outer ferrule portion.
Example 36 can optionally include the subject matter
of example 35, wherein the inner ferrule portion in-
cludes a flexing flange extending laterally outward
within the interior portion of the housing and also
extending toward and biasing against a portion of an
interior wall of the housing adjacent to the first pas-
sage between the interior and exterior portions of
the housing.

Example 37 can optionally include the subject matter
of any of examples 35-36, wherein the outer ferrule
portion includes a stamped sheet metal portion that
is sized and shaped to accept a portion of the die-
lectric plug there within and to fit snugly at least par-
tially within the first passage between the interior and
exterior portions of the housing. In the example, the
inner ferrule portion can include a stamped sheet
metal portion that is sized and shaped to accept a
portion of the dielectric plug there within and to pro-
vide the flexing flange.

Example 38 can optionally include the subject matter
of any of examples 35-37, wherein the outer ferrule
portion is welded to the inner ferrule portion.
Example 39 can optionally include the subject matter
of any of examples 35-38, wherein the outer ferrule
portion is vacuum-fused to the inner ferrule portion.
Example 40 can optionally include the subject matter
of any of examples 35-39, wherein the outer ferrule
portion includes a drawn or extruded seat portion
thatis sized and shaped to fit within the first passage.
Example 41 can optionally include the subject matter
of any of examples 35-40, wherein the inner ferrule
portion is electrically-conductive and includes an
electrically-conductive tab extending laterally toward
an interior of the first passage between the interior
and exterior portions of the housing, the electrically-
conductive tab including a second passage capable
of passing an electrical conductor there though so
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as to permit an electrical connection between the
electrical conductor and the electrically-conductive
tab.

Example 42 can optionally include the subject matter
of any of examples 35-41, wherein the dielectric plug
includes a plurality of through lumens carrying re-
spective electrical conductors.

Example 43 can optionally include the subject matter
of any of examples 35-42, comprising a weld attach-
ing the outer ferrule portion to the exterior portion of
the housing.

Example 44 includes forming an electrically-conduc-
tive outer ferrule portion that is sized and shaped to
fit about a first passage between the interior and ex-
terior portions of a housing of an implantable medical
device such that the outer ferrule portion is located
toward the exterior portion of the housing. The ex-
ample can include forming an inner ferrule portion
that is sized and shaped to fit about the first passage
between the interior and exterior portions of the
housing of the implantable medical device such that
the inner ferrule portion is located toward the interior
portion of the housing. The example can include at-
taching the outer ferrule portion to the inner ferrule
portion. The example can include providing a dielec-
tric plug at least partially within the outer and inner
ferrule portions. The example can include providing
an electrical conductor through the dielectric plug.
Example 45 optionally includes the subject matter of
any examples 35-44, wherein the forming the inner
ferrule portion comprises stamping a sheet to form
a flexing flange sized and shaped for extending lat-
erally outward within the interior portion of the hous-
ing and also sized and shaped for extending toward
and biasing against a portion of an interior wall of
the housing adjacent to the first passage between
the interior and exterior portions of the housing.
Example 46 optionally includes the subject matter of
examples 35-45, wherein forming an electrically-
conductive outer ferrule portion comprises stamping
a sheet for creating a passage through the sheet,
the passage sized and shaped to accept the dielec-
tric plug, and comprising extruding or drawing the
sheet to form a seat portion that is sized and shaped
to fit within the first passage.

Example 47 optionally includes the subject matter of
examples 35-46, wherein providing the dielectric
plug comprises providing a plurality of dielectric
plugs while the first web is positioned with respect
to the second web and while the plurality of outer
ferrule portions are still attached to the first web and
the plurality of inner ferrule portions are still attached
to the second web.

Example 48 optionally includes the subject matter of
examples 35-47, wherein the providing the electrical
conductor through the dielectric plug comprises pro-
viding a plurality of electric conductors through re-
spective dielectric plugs while the plurality of outer
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ferrule portions are still attached to the first web and
the plurality of inner ferrule portions are still attached
to the second web.

Example 49 optionally includes the subject matter of
examples 35-49, wherein attaching and sealing the
outer ferrule portion to the exterior wall of the housing
ofthe implantable medical device comprises welding
or brazing the outer ferrule portion to the exterior wall
of the housing of the implantable medical device.
Example 50 can optionally include the subject matter
of any of examples 35-49, wherein attaching the out-
er ferrule portions to the respective inner ferrule por-
tions comprises welding the outer ferrule portions to
the respective inner ferrule portions.

Example 51 can optionally include the subject matter
of any of examples 35-50, wherein attaching the out-
er ferrule portions to the respective inner ferrule por-
tions comprises vacuum fusing the outer ferrule por-
tions to the respective inner ferrule portions.
Example 52 can optionally include the subject matter
of any of examples 35-51, including a housing in-
cluding an interior portion, an exterior portion, and a
first passage between the interior and exterior por-
tions of the housing, the housing configured to carry
and hermetically enclose an electronic circuit. The
example can include a capacitive filter ferrule, con-
figured to be located at least partially within the first
passage between the interior and exterior portions
of the housing to allow capacitively-filtered passage
of an electrical connection there between, the ca-
pacitive filter ferrule including. The example can in-
clude an electrical connection. The example can in-
clude a dielectric plug. The example can include an
electrically-conductive outer ferrule portion, config-
ured to be located toward and welded or brazed to
the exterior portion of the housing, wherein the outer
ferrule portion includes a stamped sheet metal por-
tion that is sized and shaped to accept a portion of
the dielectric plug there within and to fit snugly at
least partially within the first passage between the
interior and exterior portions of the housing, wherein
the dielectric plug, electrically isolates the electrical
connection from the electrically-conductive outer fer-
rule portion. The example can include an inner fer-
rule portion, configured to be located toward the in-
terior portion of the housing, the inner ferrule portion
non-integral with the outer ferrule portion but at-
tached to the outer ferrule portion by welding or vac-
uum fusing, wherein the inner ferrule portion includes
a flexing flange extending laterally outward within
the interior portion of the housing and also extending
toward and biasing against a portion of an interior
wall of the housing adjacent to the first passage be-
tween the interior and exterior portions of the hous-
ing, wherein the inner ferrule portion includes a
stamped sheet metal portion that is sized and
shaped to accept a portion of the dielectric plug there
within and to provide the flexing flange, wherein the
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inner ferrule portion is electrically-conductive and in-
cludes an electrically-conductive tab extending lat-
erally toward an interior of the first passage between
the interior and exterior portions of the housing, the
electrically-conductive tab including a second pas-
sage capable of passing an electrical conductor
there though so as to permit an electrical connection
between the electrical conductor and the electrically-
conductive tab. The example can include a configu-
ration wherein the dielectric plug includes a plurality
of through lumens carrying respective electrical con-
ductors.

Each of these non-limiting examples can stand on
its own, or can be combined in various permutations
or combinations with one or more of the other exam-
ples.

[0088] The above detailed description includes refer-
ences to the accompanying drawings, which form a part
of the detailed description. The drawings show, by way
of illustration, specific embodiments in which the inven-
tion can be practiced. These embodiments are also re-
ferred to herein as "examples." Such examples can in-
clude elements in addition to those shown or described.
However, the present inventors also contemplate exam-
ples in which only those elements shown or described
are provided. Moreover, the present inventors also con-
template examples using any combination or permuta-
tion of those elements shown or described (or one or
more aspects thereof), either with respect to a particular
example (or one or more aspects thereof), or with respect
to other examples (or one or more aspects thereof)
shown or described herein.

[0089] Intheeventofinconsistent usagesbetween this
document and any documents so incorporated by refer-
ence, the usage in this document controls.

[0090] Inthisdocument, the terms"a" or"an" are used,
as is common in patent documents, to include one or
more than one, independent of any other instances or
usages of "at least one" or "one or more." In this docu-
ment, the term "or" is used to refer to a nonexclusive or,
such that "A or B" includes "A but not B," "B but not A,"
and "A and B," unless otherwise indicated. In this docu-
ment, the terms "including" and "in which" are used as
the plain-English equivalents of the respective terms
"comprising" and "wherein." Also, in the following claims,
the terms "including" and "comprising" are open-ended,
that is, a system, device, article, composition, formula-
tion, or process that includes elements in addition to
those listed after such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the
following claims, the terms "first," "second," and "third,"
etc. are used merely as labels, and are not intended to
impose numerical requirements on their objects.

[0091] Method examples described herein can be ma-
chine or computer-implemented at least in part. Some
examples can include a computer-readable medium or
machine-readable medium encoded with instructions op-
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erable to configure an electronic device to perform meth-
ods as described in the above examples. An implemen-
tation of such methods can include code, such as mi-
crocode, assembly language code, a higher-level lan-
guage code, or the like. Such code can include computer
readable instructions for performing various methods.
The code may form portions of computer program prod-
ucts. Further, in an example, the code can be tangibly
stored on one or more volatile, non-transitory, or non-
volatile tangible computer-readable media, such as dur-
ing execution or at other times. Examples of these tan-
gible computer-readable media can include, but are not
limited to, hard disks, removable magnetic disks, remov-
able optical disks (e.g., compact disks and digital video
disks), magnetic cassettes, memory cards or sticks, ran-
dom access memories (RAMs), read only memories
(ROMs), and the like.

[0092] The above description is intended to be illustra-
tive, and not restrictive. For example, the above-de-
scribed examples (or one or more aspects thereof) may
be used in combination with each other. Other embodi-
ments can be used, such as by one of ordinary skill in
the art upon reviewing the above description. The Ab-
stract is provided to comply with 37 C.F.R. § 1.72(b), to
allow the reader to quickly ascertain the nature of the
technical disclosure. It is submitted with the understand-
ing that it will not be used to interpret or limit the scope
or meaning of the claims. Also, in the above Detailed
Description, various features may be grouped together
to streamline the disclosure. This should not be interpret-
ed as intending that an unclaimed disclosed feature is
essential to any claim. Rather, inventive subject matter
may lie in less than all features of a particular disclosed
embodiment. Thus, the following claims are hereby in-
corporated into the Detailed Description as examples or
embodiments, with each claim standing on its own as a
separate embodiment, and it is contemplated that such
embodiments can be combined with each otherin various
combinations or permutations. The scope ofthe invention
should be determined with reference to the appended
claims, along with the full scope of equivalents to which
such claims are entitled.

Embodiments

[0093] Although the presentinvention is defined in the
attached claims, it should be understood that the present
invention can also (alternatively) be defined in accord-
ance with the following embodiments:

1. An apparatus for providing electrical communica-
tion through a housing that is metallic and hermeti-
cally sealed, the apparatus comprising: a one-piece
ferrule that is biocompatible, the ferrule configured
to be located at least partially within a passage into
an implantable medical device housing, the ferrule
including: an exterior flange configured to abut an
exterior surface of the metallic housing, the exterior
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flange defining an exit opening; a tunnel extending
from the exterior flange, the tunnel defining a tunnel
interior extending away from the exit opening and
terminating at inlet opening of the ferrule; at least
one interior tab extending away from an interior of
the tunnel, the at least one interior tab configured to
exert a bias against the metallic housing while the
exterior flange abuts the metallic housing; an elec-
trically insulative insert disposed at least partially in-
side the tunnel; and a hermetic seal disposed be-
tweenthe electrically insulative insert and the tunnel.

2. The apparatus of embodiment 1, wherein the fer-
rule is a one-piece progressively die stamped mon-
olith including at least one carrier flash.

3. The apparatus of any one of embodiments 1 or 2,
comprising at least one conductor extending through
the electrically insulative insert.

4. The apparatus of embodiment 3, comprising a cir-
cuit coupled to the at least one conductor.

5. The apparatus of any one of embodiments 1
through 4, wherein the at least one interior tab is a
flex tab extending laterally outward from the tunnel
and toward and against a portion of an interior wall
of the housing adjacent the passage.

6. A method, comprising: forming an electrically-con-
ductive outer ferrule portion that is sized and shaped
tofitabout afirst passage between an interior portion
of a housing of an implantable medical device and
an exterior portion of the housing, with the outer fer-
rule portion oriented toward the exterior portion of
the housing; forming an inner ferrule portion that is
sized and shaped to fit about the first passage be-
tween the interior and exterior portions of the housing
of the implantable medical device such that the inner
ferrule portion is located toward the interior portion
of the housing; attaching the outer ferrule portion to
the inner ferrule portion; providing a dielectric plug
at least partially within the outer and inner ferrule
portions; and providing an electrical conductor
through the dielectric plug.

7. The method of embodiment 6, wherein the forming
the inner ferrule portion comprises stamping a sheet
to form a flexing flange sized and shaped for extend-
ing laterally outward within the interior portion of the
housing and also sized and shaped for extending
toward and biasing against a portion of an interior
wall of the housing adjacent to the first passage be-
tween the interior and exterior portions of the hous-

ing.

8. The method of any one of embodiments 6 or 7,
wherein forming an electrically-conductive outer fer-
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rule portion comprises stamping a sheet for creating
a passage through the sheet, the passage sized and
shaped to accept the dielectric plug, and comprising
extruding or drawing the sheet to form a seat portion
thatis sized and shaped to fit within the first passage.

9. The method of any one of embodiments embod-
iment 6 through 8, wherein forming an electrically-
conductive outer ferrule portion comprises stamping
a sheet for forming a first web carrying a plurality of
outer ferrule portions including the outer ferrule por-
tion; wherein forming an electrically-conductive inner
ferrule portion comprises stamping a sheet for form-
ing a second web carrying a plurality of inner ferrule
portions including the inner ferrule portion; and at-
taching the outer ferrule portions to the respective
inner ferrule portions while the first web is positioned
with respectto the second web and while the plurality
of outer ferrule portions are still attached to the first
web and the plurality of inner ferrule portions are still
attached to the second web.

10. The method of embodiment 9, wherein providing
the dielectric plug comprises providing a plurality of
dielectric plugs while the first web is positioned with
respect to the second web and while the plurality of
outerferrule portions are still attached to the first web
and the plurality of inner ferrule portions are still at-
tached to the second web.

11. The method of embodiment 9, wherein the pro-
viding the electrical conductor through the dielectric
plug comprises providing a plurality of electric con-
ductors through respective dielectric plugs while the
plurality of outer ferrule portions are still attached to
the first web and the plurality of inner ferrule portions
are still attached to the second web.

12. The method of embodiment 9, comprising: sep-
arating individually attached outer and inner ferrule
portions from the first and second webs; disposing
an attached outer and inner ferrule portion within a
first passage of a housing of an implantable medical
device such that the inner ferrule portion biases
against an interior wall of the housing of the implant-
able medical device to draw the outer ferrule portion
toward an exterior wall of the housing of the implant-
able medical device; and attaching and sealing the
outer ferrule portion to the exterior wall of the housing
of the implantable medical device.

13. The method of embodiment 12, wherein attach-
ing and sealing the outer ferrule portion to the exterior
wall of the housing of the implantable medical device
comprises welding or brazing the outer ferrule por-
tion to the exterior wall of the housing of the implant-
able medical device.
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14. The method of embodiment 6, wherein attaching
the outer ferrule portions to the respective inner fer-
rule portions comprises welding the outer ferrule por-
tions to the respective inner ferrule portions.

15. The method of any one of embodiments 6-14,
wherein attaching the outer ferrule portions to the
respective inner ferrule portions comprises vacuum
fusing the outer ferrule portions to the respective in-
ner ferrule portions.

16. A method comprising: forming a ferrule, by:
stamping a sheet to define a flange, with a tunnel
extending away from the flange; cutting the tunnel
to define at least one tab; and bending the tab away
from the tunnel, toward a perimeter of the flange;
excising an inner opening from the tunnel, the inner
opening in communication with an opening around
which the flange extends; inserting an electrically in-
sulative insert in the tunnel; disposing a conductor
through the electrically insulative insert; sealing the
electrically insulative insert to the conductor; and
sealing the electrically insulative insert to the ferrule.

17. The method of embodiment 16, wherein stamp-
ing includes progressive-die stamping.

18. The method of any one of embodiments 16-17,
comprising pinching a wall of a housing between the
at least one tab and the flange under a bias exerted
by elastic deformation of the tab.

19. The method of embodiment 18, comprising form-
ing the housing by joining two cup-shaped housing
shells.

20. The method of any one of embodiments 16-19,
comprising joining the two cup-shaped housing
shells such that the two cup-shaped housing shells
define a housing passage extending from an exterior
of the housing to an interior of the housing.

21. The method of any one of embodiments 16-20,
wherein the at least one tab biases the ferrule to
adjust the flange against an exterior of the two cup-
shaped housing shells.

22. The method of embodiment 21 , comprising join-
ing the flange to the housing.

23. The method of embodiment 22, comprising weld-
ing the flange to the housing.

24. The method of embodiment 23, comprising laser
welding the flange to the housing.

25. The method of any one of embodiments 16-24,
comprising metalizing the electrically insulative in-
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sert.

26. The method of embodiment 25, wherein metal-
izing includes sputtering metal onto the electrically
insulative insert.

27. The method of embodiment 26, wherein the met-
al includes titanium.

28. The method of any one of embodiments 16-24,
wherein sealing includes brazing.

29. The method of embodiment 28, wherein brazing
includes brazing with gold.

30. A system, comprising: an implantable medical
device housing defining an interior and a passage
extending from an exterior of the implantable medical
device housing to the interior; a one-piece ferrule
that is biocompatible, the ferrule conformed to and
joined to the passage, the ferrule extending from the
exterior to the interior of the implantable medical de-
vice housing, the ferrule including: an exterior flange
configured to abut an exterior surface of the housing,
the exterior flange defining an exit opening; a tunnel
extending from the exterior flange, the tunnel defin-
ing a tunnel interior extending away from the exit
opening and terminating at an inlet opening of the
ferrule; at least one interior tab extending away from
an interior of the tunnel, the at least one interior tab
configured to exert a bias against the housing while
the exterior flange abuts the housing; an electrically
insulative insert disposed at least partially inside the
tunnel; and a hermetic seal disposed between the
electrically insulative insert and the tunnel.

31. The system of embodiment 30, wherein the her-
metic seal includes gold.

32. The system of embodiment 31 , wherein the fer-
rule is welded to the implantable medical device
housing.

33. The system of embodiment 32, wherein the elec-
trically insulative insert is brazed to the ferrule.

34. The system of any one of embodiments 30-33,
wherein a top surface of the exterior flange defines
a recess encircling the exit opening.

35. The system of embodiment 34, wherein the her-
metic seal substantially fills the recess.

36. The system of any one of embodiments 30-35,
wherein the tunnel includes a notch along its length,
away from the opening, with the at least one interior
tab extending away from the notch.
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37. The system of embodiment 36, wherein the at
least one interior tab is bent away from material de-
fining the tunnel.

38. The system of any one of embodiments 30-37,
wherein the at least one interior tab is one of a plu-
rality of interior tabs disposed around the tunnel.

39. The system of any one of embodiments 30-38,
comprising at least one conductor extending through
the electrically insulative insert.

40. The system of embodiment 39, wherein the at
least one conductor is one of a plurality of conduc-
tors, and wherein respective conductors are respec-
tively coupled to a respective terminal of a capacitor
disposed on a circuit coupled to the ferrule.

41. The system of embodiment 40, wherein some of
the conductors are electrically coupled to a common
polarity.

42. The system of embodiment 41, wherein housing
is metallic and at least one of the plurality of conduc-
tors is in electrical communication with the housing
and an opposite polarity terminal of each of the re-
spective capacitors.

43. The system of any one of embodiments 30-42,
wherein the ferrule is stamped.

44. The system of any one of embodiments 30-42,
wherein the tunnel is sized to conform to the passage
through the housing.

45. The system of any one of embodiments 30-42,
wherein the tunnelis formed by a process comprising
drawing a sheet away from the flange.

46. An implantable medical device, including: a
housing, including an interior portion, an exterior por-
tion, and a first passage between the interior and
exterior portions of the housing, the housing config-
ured to carry and hermetically enclose an electronic
circuit; and a capacitive filter ferrule, configured to
be located at least partially within the first passage
between the interior and exterior portions of the
housing to allow capacitively-filtered passage of an
electrical connection there between, the capacitive
filter ferrule including: an electrically-conductive out-
er ferrule portion, configured to be located toward
the exterior portion of the housing; an inner ferrule
portion, configured to be located toward the interior
portion of the housing, the inner ferrule portion non-
integrally formed with the outer ferrule portion but
attached to the outer ferrule portion; the electrical
connection; and a dielectric plug, electrically isolat-
ing the electrical connection from the electrically-
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conductive outer ferrule portion.

47. The device of embodiment 46, wherein the inner
ferrule portion includes a flexing flange extending
laterally outward within the interior portion of the
housing and also extending toward and biasing
against a portion of an interior wall of the housing
adjacentto the first passage between the interior and
exterior portions of the housing.

48. The device of embodiment 47, wherein the outer
ferrule portion includes a stamped sheet metal por-
tion that is sized and shaped to accept a portion of
the dielectric plug therewithin and to fit snugly at least
partially within the first passage between the interior
and exterior portions of the housing; and wherein the
inner ferrule portion includes a stamped sheet metal
portion that is sized and shaped to accept a portion
of the dielectric plug therewithin and to provide the
flexing flange.

49. The device of embodiment 48, wherein the outer
ferrule portion is welded to the inner ferrule portion.

50. The device of embodiment 48, wherein the outer
ferrule portion is vacuum-fused to the inner ferrule
portion.

51. The device of embodiment 48, wherein the outer
ferrule portionincludes adrawn or extruded seat por-
tion that is sized and shaped to fit within the first
passage.

52. The device of any one of embodiments 46-51 ,
wherein the inner ferrule portion is electrically-con-
ductive and includes an electrically-conductive tab
extending laterally toward an interior of the first pas-
sage between the interior and exterior portions of
the housing, the electrically-conductive tab including
a second passage capable of passing an electrical
conductor therethough so as to permit an electrical
connection between the electrical conductor and the
electrically-conductive tab.

53. The device of any one of embodiments 46-52,
wherein the dielectric plug includes a plurality of
through lumens carrying respective electrical con-
ductors.

54. The device of any one of embodiments 46-53,
comprising a weld attaching the outer ferrule portion
to the exterior portion of the housing.

55. An implantable medical device, including: a
housing, including an interior portion, an exterior por-
tion, and a first passage between the interior and
exterior portions of the housing, the housing config-
ured to carry and hermetically enclose an electronic
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circuit; and a capacitive filter ferrule, configured to
be located at least partially within the first passage
between the interior and exterior portions of the
housing to allow capacitively-filtered passage of an
electrical connection there between, the capacitive
filter ferrule including: an electrical connection; a di-
electric plug; an electrically-conductive outer ferrule
portion, configured to be located toward and welded
or brazed to the exterior portion of the housing,
wherein the outer ferrule portion includes a stamped
sheet metal portion that is sized and shaped to ac-
cept a portion of the dielectric plug there within and
to fit snugly at least partially within the first passage
between the interior and exterior portions of the
housing, wherein the dielectric plug, electrically iso-
lates the electrical connection from the electrically-
conductive outer ferrule portion; an inner ferrule por-
tion, configured to be located toward the interior por-
tion of the housing, the inner ferrule portion non-in-
tegral with the outer ferrule portion and attached to
the outer ferrule portion by welding or vacuum fusing,
wherein the inner ferrule portion includes a flexing
flange extending laterally outward within the interior
portion of the housing and also extending toward and
biasing against a portion of an interior wall of the
housing adjacent to the first passage between the
interior and exterior portions of the housing, wherein
the inner ferrule portion includes a stamped sheet
metal portion that is sized and shaped to accept a
portion of the dielectric plug there within and to pro-
vide the flexing flange, wherein the inner ferrule por-
tion is electrically-conductive and includes an elec-
trically-conductive tab extending laterally toward an
interior of the first passage between the interior and
exterior portions of the housing, the electrically-con-
ductive tab including a second passage capable of
passing an electrical conductor there though so as
to permit an electrical connection between the elec-
trical conductor and the electrically-conductive tab;
and wherein the dielectric plug includes a plurality
of through lumens carrying respective electrical con-
ductors.

Claims

A system, comprising:

an implantable medical device housing defining
an interior and a passage extending from an ex-
terior of the implantable medical device housing
to the interior;

aone-piece ferrule that is biocompatible, the fer-
rule conformed to and joined to the passage, the
ferrule extending from the exterior to the interior
of the implantable medical device housing, the
ferrule including:



10.

1.

35

an exterior flange configured to abut an ex-
terior surface of the housing, the exterior
flange defining an exit opening;

a tunnel extending from the exterior flange,
the tunnel defining a tunnel interior extend-
ing away from the exit opening and termi-
nating at an inlet opening of the ferrule;
atleastone interior tab extending away from
an interior of the tunnel, the at least one in-
terior tab configured to exert a bias against
the housing while the exterior flange abuts
the housing;

an electrically insulative insert disposed at
least partially inside the tunnel; and

a hermetic seal disposed between the elec-
trically insulative insert and the tunnel.

The system of claim 1, wherein the hermetic seal
includes gold.

The system of claim 2, wherein the ferrule is welded
to theimplantable medical device housing, optionally
wherein the electrically insulative insert is brazed to
the ferrule.

The system of any one of claims 1-3, wherein a top
surface of the exterior flange defines a recess encir-
cling the exit opening, optionally wherein the hermet-
ic seal substantially fills the recess.

The system of any one of claims 1-4, wherein the
tunnel includes a notch along its length, away from
the opening, with the at least one interior tab extend-
ing away from the notch.

The system of claim 5, wherein the at least one in-
terior tab is bent away from material defining the tun-
nel.

The system of any one of claims 1-6, wherein the at
least one interior tab is one of a plurality of interior
tabs disposed around the tunnel.

The system of any one of claims 1-7, comprising at
least one conductor extending through the electri-
cally insulative insert.

The system of claim 8, wherein the at least one con-
ductoris one of a plurality of conductors, and wherein
respective conductors are respectively coupled to a
respective terminal of a capacitor disposed on a cir-
cuit coupled to the ferrule.

The system of claim 9, wherein some of the conduc-
tors are electrically coupled to a common polarity.

The system of claim 10, wherein housing is metallic
and at least one of the plurality of conductors is in

10

15

20

25

30

35

40

45

50

55

19

EP 3 639 890 A1

12.

13.

14.

15.

36

electrical communication with the housing and an
opposite polarity terminal of each of the respective
capacitors.

The system of any one of claims 1-11, wherein the
ferrule is stamped.

The system of any one of claims 1-11, wherein the
tunnel is sized to conform to the passage through
the housing.

The system of any one of claims 1-11, wherein the
tunnel is formed by a process comprising drawing a
sheet away from the flange.

A method comprising:
forming a ferrule, by:

stamping a sheet to define a flange, with a
tunnel extending away from the flange;
cutting the tunnel to define at least one tab;
and

bending the tab away from the tunnel, to-
ward a perimeter of the flange; excising an
inner opening from the tunnel, the inner
opening in communication with an opening
around which the flange extends;

inserting an electrically insulative insert in the
tunnel;

disposing a conductor through the electrically
insulative insert;

sealing the electrically insulative insert to the
conductor; and

sealing the electrically insulative insert to the fer-
rule.
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Form an electrically conductive outer ferrule portion

Form an inner ferrule portion

Attach outer ferrule portion to inner ferrule portion

Provide dielectric plug at least partially within outer ferrule
portion and inner ferrule portion

Provide an electrical conductor through dielectric plug
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